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This invention relates to polymeric adsorbents and more particularly to high-surface-area polymeric fibers 

and microbeads useful as adsorbents. co i ert ivitv at their surface for substances in a 

Adsorbents are commonly solid materials which exh J* «£* v * * t tne^surta ^ ^ 

mixture, thereby providing a means of separating such substances from the m & ^ 

characteristic of adsorbents (usually ^.^^^P^^^ adsorbents). Carbon black. Ti0 2 
(non-porous adsorbents) or from pores .n the ^f°^ n P t f g^;f a ° r r ° arbon Sl | ica gel. bone char, certain 
andZnO P'9™nts are examples of non-po^ ^ natura|ly occurring 

soils and asbestos are examples of well-known P 0 ^^^°^' S , d ° a ; mospneres poor reproducibility 
materials. These suffer seriously from high ^Xooes^f beTaus" their rigid structures are 

durina manufacture, and fragmentation during use in cyclic processes, ^cause 

copolymers being representative. Although it ,s size adsorbents 

or to grind such polymers to a fine part.e e f B8 ;^ ° b ™^ the fine particles pack too 

cannot be used in cyclic processes, particularly proc esses to 2 mm diameter or larger, 

tightly and impede flow. Moderately large adsorbent particles ^^^ZrUation techniques, have a 

materials. IC A A 9fi o 4n7 w Kj C h is hereby incorporated into the 

Macronet adsorbents in bead form are Ascribed in US- A- 4^263 407, which s ^ ^ acroreticular , 

present specification by reference. They are prod uced ^ a ^^9 tne swollen bea ds with an 

aromatic polymer bead in an inert organic so * en . Kc a 5se the crosslinks are stable and have a 

external crosslinker. These adsorbents are called ^ronets because th^ ^cro signj ficant 
,ong and rigid structure which allows the ^TS^r the solvent has been removed. 

21^5= 

of a swelling solvent; the resulting beads appear to berr^ne b ead J aments 0 ranular , activa ted 
Fibres have particular advantages over convention* «f for making garments 

carbons; they may be woven or otherwise processed ^ into c '° ^J' ^ They , and other polymeric 

protective against chemicals, filters for air P" r icatl " 2 e ^ 0 ' h S miS t an activated carbons, 
adsorbents, are also easier to regenerate and 'ess sensitive 1 0 h^h umdity t modjfied 
Fibers, by their small diameter, provide rela tively Jgh £ce re ^ chem. Soc. Japan 56, 3726 
polystyrene-based fibers are known, as for example thos oT Yoshioka matrjx &nd 
H983) or Japanese Kokai 77-120986. These fibers . are ^^^^^ teac P h Latment of the 
53^^ ^r^^t^^X^ as sulfonic acid groups and amine or 

X°reTe 9 K0ka P i S 75- 1 45 6 17 discloses treating P™«^ 

such as paraformaldehyde in acidic media, area ^.^J^^°f So\Ied by a mild pyrolysis in an 
prepare the surface for functionalization. In ^J^™*^^^ Js treatment enhances 
oxidizinq atmosphere at temperatures from 250 to 450 O, tne rererenuB v 

^'surface are'a of the fibers to at least 10 m*/g anc as ^uo as 400 m /g. ^ ^ ^ 

Another approach to porous fibers is disclosed by Sr "ta ey^. S ^' 0 ™ ■ c arb0 nate. spun into the 
175-181. This reference discloses porous polyester fibers formed when calcium caroo v 
fibers as a delustrant, is dissolved with acid. rr osslinked noly(vinylaromatic) polymers in 

stabilize its swollen structure. .„.„„. in fh _ Dr ocess of the invention are 

The polymers which are converted to macronet struct ures \^ 
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other mo'noethylenically unsaturated monomers capable of copolymenzing with the aromatic monomer may 
be copolyerized with it. A particularly preferred polymer is a heterogeneous polymeric fiber comprising a 
matrix of the polyaromatic polymer described above, optionally blended with another polymer, preferably a 
polyolefin and imbedded longitudinally therein filaments of a second polymer phase, the second polymer 
being preferably a polyolefin and more preferably polypropylene or polybutenes such as poly(butene-l) or 
n 0 lv(3-methyl-1-butene) The diameter of the imbedded filaments may range from about 1 to about 10um. The 
polymer may be formed into fibers using conventional processes such as the melt spinning process described 
by Yoshioka et al . Bull. Chem. Soc. Japan , Vol. 56. page 3726 (1983). 

Another preleFFed polymer is an emulsion polymerized poly(vinylaromatic) polymer as described above, m 
the form of a particle in the diameter range from about 0.01 to about 1 urn. Such particles are referred to herein 
as microbeads and may be prepared according to emulsion or latex polymerization procedures that are well 
known in the art, such as those of US-A-4.200.695. Forming the macronet structure in such particles increases 
their size significantly above the size of the original polymer particle. 

Preferred swelling agents have a boiling point above about SO* C at atmospheric pressure, although lower 
boiling solvents may be used at higher pressures and temperatures above about 50* C. Suitable swelling 
agents which meet these criteria may readily be selected by one skilled in the art from among aromatic 
hydrocarbons halogenated hydrocarbons, nitroparaffins, nitroaromatic compounds, rmg-halogenated 
aromatic compounds, aliphatic hydrocarbons of about six or more carbon atoms, and carbon disulfide. 

Also suitable but less preferred as swelling agents are aliphatic and aromatic ethers of five or more carbon 
atoms Swelling agents which participate in the crosslinking reaction are contemplated within the scope of the 
invention so long as they do not interfere with the reaction. Such participating swelling agents are at least 
afunctional, examples are aliphatic 1.2-dihalo materials and side-chain chlorinated dialkylaryl hydrocarbons. 
Mixtures of the useful swelling agents may also be used. 

Examples of suitable swelling agents selected from the above groups include toluene, xylene, 
chlorobenzene. styrene monomer, ethylene dichloride, propylene dichloride and alpha, alpha-dichloro- 
D~xvl©ns 

The stabilizing crosslinks, i.e., the long, rigid crosslinks that stabilize the expanded, or macronet, structure 
of the polymer may either beTormed by adding a crosslinking reagent to the swollen polymer, or by adding a 
crosslink-promoting catalyst to a swollen polymer which contains active crosslink sites. 

The matrix polymer of the fibers and the emulsion polymer do not normally contain a significant number of 
active crosslinking sites unless a monomer containing active sites is employed, such as vinylbenzyl chloride, 
or unless it is treated further. A preferred treatment for introducing active crosslinking sites is haloalkylation. In 
this treatment a haloalkylating reagent such as methyl chloromethyl ether is allowed to react with the polymer 
to introduce haloalkyl groups which act as active crosslinking sites. 

The catalysts useful for promoting the crosslinking reaction include the Friedel-Crafts catalysts, preferably 
Lewis acids such as ferric chloride, stannic chloride, aluminum trichloride, aluminum tribromide, boron 
trifluoride and zinc dichloride. The preferred Lewis acid is ferric chloride. 

The catalyst optionally as a solution, is allowed to contact the swollen polymer containing the active 
crosslinking sites, preferably at a temperature of from about 15° C to about 100"C. and allowed to react for 
from about two hours to about 24 hours at a temperature from about 15^C to about 150*C, preferably from 
about 85' C to about 105= C, to produce the macronet structures of the invention. 

In the absence of active crosslinking sites, the swollen matrix polymer or the emulsion polymer may also be 
crosslinked to form the macronet fibers or microbeads of the present invention by reacting it with a 
crosslinking reagent, as mentioned above. The crosslinking reagent is an acylating or alkylating agent, wh.cn 
includes the haloalkylating reagents useful for introducing active sites. Other haloalkylating reagents may be 
used, such as alpha.alpha-d,chloro- P -xylene, dichloromethane. b,s(4.4<-chloromethyl) b.pheny . b.slchloro- 
methvDthiophene 1 4-dichloro-hexane. 1 4-dichlorobutane. chloroform and carbon tetrachloride. Other 
alkylating reagents such as polyols and polyolefins may also be used, for example, alkylene glycols such as 
ethylene qlycol and propylene glycol, diepoxides and polybutadienes. The alkylating agent may contain 
aromatic groups, provided the atoms of the alkylating agent which bond to the polymer are aliphatic carbon 
atoms. The alkylating agent may also be paraldehyde, formaldehyde or a formaldehyde generator in the 
presence of a strong acid such as sulfuric acid. 

Difunctional acylating agents are also suitable for introducing active crosslink.ng s.tes; these agents are 
preferably aromatic, but may include aliphatic compounds. The preferred acylating agents are diacid chlorides, 
as for example fumaryl dichloride. maleyl dichloride, malonyl dichloride. oxalyl chloride, succ.nyl dichloride, 55 
adipyl dichloride and sebacyl dichloride. In the case of aromatic diacid chlorides the carbonyl groups must be 
separated by at least one carbon atom: suitable aromatic diacid chlorides include terephthaloyl chloride and 
isophthaloyl chloride, but not orthophthaloyl chloride (the carbonyl groups of wh.ch are not separated by at 
least one carbon atom) because it tends to form anthraquinone rings which in turn participate in redox 
reactions Further suitable diacid chlorides include the 1.4-, 1,5-and 1 ,6-naphthoyl dichlondes and 
anthracene-1 5- and 1 ,9-diacid chlorides. Other suitable acylating agents include phosgene and thiophosgene 
Other agents may act as crosslinkers, as for example sulfur halides such as sulfur monochlonde, sulfur 
dichloride and the corresponding sulfur bromides. The crosslinking reagent is allowed to react with the 
swollen polymer at a temperature of from about 15*C to about 15CTC for from about two to about 24 hours. 
Either process for forming the macronet crosslinks may occur in the presence of low-molecular weight 
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coupHno agents such as ^^^^^^^^^ area, as 

The macronet fibers and e™l*'° n P%*/^ 
measured by nitrogen adsorption (BET). They have h.gh **^*J^J^ 0 f adsorbates, or to react with 
be unSonakd with chemically active ^^^^."mS^lnom.^ groups, guaternized 
adsorbates. Examples of such groups '^^"'^S^Side an adsorptive filter medium wh.ch has 

theadsTr^rate^a £S£^£S£Z ^ *» ~ * ^ ^ 

^M^P* ,,ustrate the invention. Ai. P-por^eby -,ess otherwise stated, and al, 

reagents aTe of good' commercial quality unless otherw.se stated. 
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EXAMPLE 1 

This example illustrates the preparation of ^^^^^^^^ 
polymer and fibers from that ^^-J^^^^SS^^ he following examples were prepared; the 
is believed to be the procedure by ^f^^.^t^ lonoyama, Otsu 520, Japan, 
actual fiber samples were obtained f rem Toray Ind istnes. bo y ^ ^ po , ystyrene blended w,th 

Sixteen polypropylene filaments are ™" filame nt S to matrix polymer is 1 :1 . The fiber is 

200/0 by weight polypropylene; the w «f \ P^™^ in diameter and containing 16 filaments of 
drawn to five times its original length, to * ™~ hj " th po , ysty rene-polypropylene matrix, 
polypropylene, each 4.2 um in diameter embedded wit h n i h. 3 po y y H paraforma ldehyde, 

Abortion of the resulting fibers ^^^^^^c acid- a second portion is highly 

j»isr^»- - <* ™ ana,ysis; ,he fol,ow,n9 

results were obtained: 
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Fiber Sample Crosslinking Surface Area 

(m 2 /g) 



Elemental Analysis (%) 



A 
B 
C 



None 
Light 
High 



<1 
<1 
<1 



c 


H 


88.17 


10.95 


86.31 


10.71 


87.71 


10.61 



CI 



1.47 
0.08 



4 0 EXAMPLE 2 

Th , example i-.ustrates ch,oromethyla*or ^J^^^^^^X^^ 
crosslinking sites. For each of -the [ cro f^'^^^ S ^l the mixture was stirred for one hour A 

45 to 80 ml methyl chloromethyl ether at ^b.e^ 

solution of 9.4 ml stannic chloride ,n 10 ml me hvl Mot ometn y, e e bej selected to minimize 

15 minutes while maintaining the temper a low p ^ ^ ^ ^ ^ ^ hen 
secondary crosslinking. When the addition was • c°nnple e the m main taining the temperature 

cooled to 20«C, and 125 ml water was added over apenod of 30 m ^ ^ fjbers were 

50 below 35= C, to quench the react.on. The solution wa * *™ re ^° r a stjrri for 30 minutes and refiltenng was 
Sered, and a wash step of resuspending in 100 ^^^SiX^^ oven overnight at 50-60° C. 
repeated twice. The fibers were then a.r ^^^^"^^.aPA) solids. Elemental analysis o the 

1^=^ M area of the ch,orome,hy,ated 

fiber, measured by BET, was less than 1 m 2 /g. 
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65 



This examp.e illustrates forming a macronet fiber from the, h£ « fed J ^^ Qndenser and 
sample of the fiber from Example 2 was transferee ^JJ^ was stirred for two hours to swell the 
magnetic stirrer; 50 ml ethylene dichlonde ad ded and JjJ ^ {q ^ and all ed to 

polymer. To the mixture 0.5 ml stannic chlor^e vras added a^a i was quenched by 
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ml of acetone and twice with 100 ml portions of water, the wash liquid being decanted from the fibers after 
each wash. The fibers were filtered and then allowed to air dry for one hour. The air-dried fibers were dried 
under vacuum at 50 -60° C overnight. 

EXAMPLES 4-24 

The procedure of Example 3 was repeated, varying the starting fiber, the type and amount of the 
Friedel-Crafts catalyst and the solvent. Stannic chloride, aluminum chloride and ferric chloride were employed 
at mole ratios of fiber to catalyst ranging from 1.1 :1 to 3.7:1, and solvents used were ethylene dichionde or 
dichioromethane; in Examples 13 and 14, 3.7 millimoles para-dichloroxylene was also present. 

The fibers used were prepared according to Example 1, except that initial crosslinking of the fiber was either 
high or low. The resulting macronet fibers were examined for appearance and tested for surface area by BET; 
the results for these examples are shown in Table 1. 

TABLE ! 

Sample from Polymer Catalyst Ratio* Solvent Fiber Surface Area 
Example No. Crosslinking (mmol) Appearance byBETm 2 /g 
(mmol) 



3 


High(5.8) 


SnCU(4.3) 


1.3 


EDC 


Good 


247 


4 


Low(5.8) 


SnCU(4.3) 


13 


EDC 


Good 


172 


5 


High(12.5) 


SnCU(8.5) 


1.5 


EDC 


Good 


246 


6 


Low(12.5) 


SnCU(8.5) 


1.5 


EDC 


Good 


186 


7 


High(9.6) 


AICl3(8.6) 


1.1 


EDC 


Poor 




8 


Low(9.6) 


AIC! 3 (8.6) 


1.1 


EDC 


Poor/Good 


339 


9 


High(9.6) 


AICI 3 (3.5) 


2.7 


EDC 




311 


10 


Low(9.6) 


AICl3(3.5) 


2.7 


EDC 


Good 


< 10 


11 


High(9.6) 


SnCU(6.4) 


1.5 


MC 


Good 


< 10 


12 


Low(9.6) 


SnCU(6.4) 


1.5 


MC 


Good 


<10 


13 


High(9.6) 


SnCU(6.4) 


1.5 


EDC** 


Excellent 


194 


14 


Low(9.6) 


SnCU(6.4) 


1.5 


EDC** 


Good 


183 


15 


High(25.5) 


SnCU(17.1) 


1.5 


MC 


Good 


<10 


16 


Low(25.5) 


SnCU(17.1) 


1.5 


MC 


Good 


<10 


17 


High(25.8) 


SnCU(17.1) 


1.5 


EDC 


Excellent 


304 


18 


Low(25.8) 


SnCU(17.1) 


1.5 


EDC 


Good 


283 


19 


High(25.5) 


AICI 3 (13.9) 


1.8 


EDC 


Poor 


426 


20 


Low(25.5) 


AICl3{13.9) 


1.8 


EDC 


Poor 


586 


21 


High(25.5) 


AICI 3 (6.9) 


3.7 


EDC 


Good 


355 


22 


Low(25.5) 


AICl3(6.9) 


3.7 


EDC 


Good 


642 


23 


High(25.0) 


FeCl3(15.1) 


1.6 


EDC 


Excellent 


440 


24 


Low(25.0) 


FeCI 3 (15.1) 


1.6 


EDC 


Excellent 


317 



EDC = Ethylene Dichloride 

MC = Dichioromethane 

•Ratio — (mmol fiber/mmol catalyst) 

** PDX = Paradichloroxylene (3.7 mmol also present) 



EXAMPLE 25 

This example illustrates forming a macronet fiber from fiber which does not have active crosslinking sites, by 
treating the fiber with a crosslinking reagent. A 15 g sample of crosslinked fiber prepared according to 
Example 1 was placed in a 1 liter flask, equipped with a reflux condenser and containing 300 ml ethylene 
dichloride and 4.5 g paraformaldehyde. The mixture was stirred for one hour, and 50 ml of concentrated 
sulfuric acid was added to it. The mixture was heated to reflux temperature and refluxed overnight. The mixture 
was allowed to cool and the reaction was quenched by adding 100 ml deionized water. The fibers were filtered, 
washed twice with 100 mi deionized water and twice with 100 m! methanol, and vacuum dried overnight at 
50 -60°C. 
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EXAMPLES 26-32 



The procedure of Example 25 was repeated using the same fibers, fibers with low crosslinking and no 
crosslinking, and felted and woven fibers. The fiber products of Examples 25-32 were examined for 
appearance and tested for surface area by BET. The results of the tests are shown in Table II. 
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20 



Sample from 
Example No. 



Fiber of Example 
No. 



TABLE II 

Polymer 
Crosslinking 



Fiber Appearance 



Surface Area by 
BET m 2 /g 



25 
26 
27 
28 
29 
30 
31 
32 



1-C 
1-B 
1-C 
1-B 
1-C 
1-C 
1-A 
1-A 



High 

Low 

High 

Low 

Felted 

Woven 

Uncrosslinked 
Uncrosslinked 



Good 
Good 
Excellent 
Excellent 



215 
352 



38 
<10 
<10 
362 



EXAMPLE 33 

25 

This example illustrates forming macronet fibers from pure polystyrene fibers. The starting fibers were 

highly crosslinked polystyrene with a surface area of less than one square meter per gram by BET, obtained 

from Engineering Yarns, Coventry, Rhode Island. 

A solution of 40 mi glacial acetic acid, 2 g paraformaldehyde and 110 ml concentrated sulfuric acid was 
30 prepared in a 1 liter flask equipped with a reflux condenser. A 2 g sample of the polystyrene fiber was added, 

and the mixture was heated to 80° C, held at that temperature for two hours, and cooled to room temperature. 

A suspension of 1 g paraformaldehyde in 200 ml ethylene dichloride was added, the mixture was stirred one 

hour at room temperature to swell the fibers, then heated to reflux temperature and allowed to reflux overnight. 

The flask contents were cooled, the solvent was syphoned off, and the fibers were washed twice with 100 ml 
35 water followed by three acetone washes of 1 00 ml each. The washed fibers were dried under vacuum overnight 

at 50-60°C. The surface area of the fibers, measured by BET, was 23 m 2 /g. 



EXAMPLE 34 

40 

The procedure of Example 33 was repeated. The surface area, measured by BET, of the macronet fiber from 
Example 34 was 40 m 2 /g. 



45 EXAMPLES 35-40 - 

These comparative examples illustrate that mere addition of a Lewis acid catalyst to swollen fibers that do 
not contain active crosslinking sites does not form macronet fibers. The fibers of Example 1 were swollen in 
either ethylene dichloride or dichloromethane, and a Lewis acid catalyst was added according to the 
50 procedure of Example 3. The mixtures were refluxed overnight, and isolated for testing according to Example 
3. The fibers, catalysts and solvents for these examples are tabulated in Table HI; the surface area of each 
material after treatment was less than 10 m 2 /g, indicating that no macronet structure had formed. 
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TABLE III 

Example Fiber Crosslinking Catalyst Solvent Surface Area by 
BET m 2 /g 

35 Low AICI3 MC <10 

36 High AICI3 MC <10 

37 Low SnCU EDC <10 

38 High SnCU EDC <10 

39 Low AICI3 EDC <10 

40 High AICI3 EDC < 10 
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EXAMPLES 41-42 

These comparative examples illustrate that reaction of chlorosuifonated fibers with a Lewis acid does not 5 
form a macronet fiber. A flask was equipped with a heater and nitrogen blanket. To this 300 ml propylene 
dichloride and 10 g of fiber from Example 1B (for Example 41) or ethylene dichloride and 10 g of fiber from 
Example 1C (for Example 42) as a swelling solvent were added. The mixture was stirred for 1 hour, and 20 g 
chlorosulfonic acid was added. The mixture was heated to reflux (Example 41), or to 120°C (Example 42), and 
maintained at that temperature overnight. The mixture was cooled, the chlorosulfonic acid was removed by W 
suction and the chlorosuifonated fibers were washed twice with 500 ml of the same solvent in which they were 
swollen, and three times with 500 ml of methanol. A 5.5 ml portion of stannic chloride was added to the 
chlorosuifonated fibers, the mixture was heated to 80° C. maintained at that temperature overnight then 
isolated by washing and filtration. The fiber was dried under vacuum overnight at 50 - 60° C and was tested for 
surface area. Neither sample showed a significant enhancement in surface area. 15 



EXAMPLE 43 

This comparative example illustrates that amination of chlorosuifonated fibers does not form a macronet 20 
fiber. A solution of 500 ml ethylene dichloride and 6-7 g triethylenediamine was prepared in a 1 liter flask 
equipped with a reflux condenser. To this was added 8 g of the chlorosuifonated fibers of Example 2. The 
mixture was stirred for one hour, heated to reflux, and refluxed overnight. The mixture was cooled and the 
fibers were filtered, washed with three 300 ml portions of ethylene dichloride, and dried under vacuum 
overnight at 50 - 60° C. Only a small weight increase was observed, and the surface area of the fibers was not 25 
significantly increased. 



EXAMPLE 44 

30 

This example shows the dynamic adsorption capacity for some of the macronet fibers from the previous 
examples. Dynamic adsorption capacity was measured by passing an air stream containing a known 
concentration of vapor through a column containing the macronet fiber adsorbent, and measuring the 
concentration of vapor in the effluent air stream using a gas chromatograph with an appropriate detector. 

The vapor-containing stream was produced by passing a stream of dry air through a closed container 35 
containing the liquid whose vapors are to be adsorbed. The vapor concentration thus produced was 
determined by passing a known volume of the air-vapor mixture through a tared, activated carbon column 
large enough to completely adsorb all the vapor. The activated carbon column was weighed after the mixture 
had passed through it, to determine the total weight of vapor in the known volume of air. 

The exception to the foregoing procedure for determining vapor concentration was the case of a humid 40 
vapor-air mixture of diisopropyi fluorophosphate. This air-vapor mixture was passed through a sodium 
hydroxide solution which scrubbed all the diisopropyi fluorophosphate from the mixture, and the total 
fluorophosphate concentration was calculated from the measured fluoride content of the sodium hydroxide 
scrubbing solution, as determined by fluoride ion electrode. 

The vapors adsorbed in this example are simulants of toxic agents: dimethyl methylphosphonate (DMMP). 45 
diisopropyi fluorophosphate (DFP) and 2-chloroethyl isobutyl sulfide (CIS). 

The adsorbent fibers were placed in a 3 mm diameter, glass column closed at the bottom end with a coarse 
sintered disk; the fiber sample was 50-100 mg, as indicated in Table IV. The air-vapor mixture was passed 
through the column at a flow rate of 40-75 ml/minute, equivalent to a linear flow rate of 9-17 cm/sec. The 
effluent from the column was split; a portion of it passed through a Hewlett-Packard Model 5880 gas 50 
chromatograph equipped with aflame ionization detector or nitrogen-phosphorus detector, as appropriate for 
the particular vapor, and the balance of the effluent was scrubbed through a bubble column containing 4% 
aqueous sodium hydroxide and was vented to a hood. 

Breakthrough, defined as the time at which the concentration of the challenge vapor in the effluent stream 
reaches 1°/o of that in the influent stream, as determined from the gas chromatograph. Detector sensitivity was 55 
approximately 1 microgram/Iiter for DMMP and DFP, and approximately 10 micrograms/liter for CIS. The 
results of this example are shown in Table IV. 
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Sample from 
Example No. 



Sample Weight (g) 



3 
3 # 
3* 
1-C 

5 
6 
5 
6 
17 

22 

23 

5 

6 

5 

6 



0.0603 

0.0700 

0.0781 

0.0724 

0.0616 

0.0690 

0.0530 

0.0580 

0.0939 

0.0337 

0.0730 

0.0650 

0.0640 

0.0509 

0.0469 



TABLE IV 

Vapor 
Concentration 
(mg/liter) 



Breakthrough 



2.23(DFP) 

3.00(DFP) 

2.01 (DFP) 

2.97(DFP) 

2.40(DFP) 

2.40(DFP) 

2.38(DFP) 

2.38(DFP) 

1.75(DFP) 

1.85(DFP) 

1.85(DFP) 

2.60(DMMP) 

2.60(DMMP) 

1.53(CIS) 

1.53(CIS) 



Time (min) 



Capacity (mg/g) 



<3 
<5 
<3 
<3 
156 
150 
72 
55 
278 
202 
215 
109 
100 
93 
46 



<8.3 

<16 

<5.8 

<9.2 

460 

391 

242 

169 

260 

443 

218 

327 

304 

210 

112 



•Repeat preparations of Example 3. 



EXAMPLES 45 - 46 
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50 



These examples illustrate crosslinking swollen polymers containing active crossl.nking sites^ 15 
the catalyst for crosslinking. The resulting fibers contain sulfonic acid cation exchange functionality. 

Fivfgram each o^ the "fiber of Example 1A and 1B, ch.oromethylated according to the procedure o 
Example 2 were swollen in 300 ml of ethylene dichloride for two hours. To each fiber sample 50 ml of 
LncTnLted sulfuric acid was added, and the mixtures were heated to, and held at, the following 
temperatures for the following times: 



40° c - one hour 

50" C - one nour 

40 60° C - one nour 

70*0 - one hour 

85° C (reflux) - six hours 



The mixtures were cooled to about 70° C and the reaction was quenched by adding to each 125 ml of 60<Vo 
aqueou su, uric acid fhe ethylene dichloride was evaporated under reduced pressure t e so.ujons were 
cooled to approximately room temperature and poured into fritted glass funnels. The treated fbers were 
washed three limes with 250 - 300 ml of deionized water and three times with 250 - 300 m of methanol, and 
weS dried undeT vacuum overnight at 50 - 60° C. The dried fibers and untreated control fibers were tested 
for sulfur content surface area by BET, and for their ability to adsorb diisopropyl fluorophosphate. 
Breakt^ough time anS capacity were determined as in Example 44. The results of these tests are shown ,n 
Table V. 

TABLE V 

55 sample Sulfur,o/o Surface area m 2 /g Breakthrough Time Capacity (mg/g) 
— ~ (min) 

1A - 5 <3 " 

I , ^ 58 91 ±27 202±45 

Example 45 o.OI 

60 1R - 3 <3 ■ - 

Example 46 4.87 49 46 ± 7 112±40 



65 



8 



EP 0 314 449 A2 



EXAMPLE 47 

This example illustrates the preparation of macronet fine particles from lightly crosslinked, chloromethy- 
lated, emulsion polymerized copolymer particles. 

To" a 500 ml flask fitted with a mechanical stirrer, reflux condenser vented through a water scrubber, 
thermometer and heating mantle was charged 10.0 g of dry, chioromethylated, styrene-1 .8<>/o divinyibenzene 
emulsion polymer particles having an average particle diameter of about 0.1 ^m and prepared according to 
Chong, U.S. Patent No. 4,359,537. Example 5, but dried after the initial wash and not treated with the imme or 
amine. To this 150 ml of technical-grade ethylene dichloride was added, and the mixture was allowed to stand 
overnight to swell the polymer. To the swollen poiymer mixture was added 13.3 g of technical-grade aluminum 
chloride; the mixture was heated to reflux, and allowed to reflux overnight. The mixture was then cooled and 
the reaction quenched by adding, dropwise, 220 ml of acetone. The solid material was separated by filtration in 
a Buchner funnel; it was washed twice with acetone, twice with 3A denatured ethanol. with deionized water 
until the washings were neutral, and twice more with 3A denatured ethanol. The solid material was soxhlet 
extracted with 3A denatured ethanol for 5 hours, then dried under vacuum at 50° C overnight. The resulting 
macronet polymer material had a surface area (BET) of 674 m 2 /g. 



EXAMPLE 48 

This example illustrates the preparation of macronet fine particles from lightly crosslinked, unfunctionalized, 
emulsion polymerized copolymer particles. 

To a flask as described in Example 47 was charged 10.0 g (dry basis) of styrene-1 .8<Vo divinyibenzene 
emulsion polymer particles having an average particle diameter of 0.1 urn and prepared according to 
US-A-4,359,537, Example 1. To this 180 ml of technical-grade dichloromethane was added, and the mixture 
was allowed to stand for three hours to swell the polymer. To the swollen polymer mixture was added 20.0 g of 
technical-grade aluminum chloride; the mixture was heated to reflux and allowed to reflux for 18 hours. The 
mixture was then cooled and the reaction quenched by adding, dropwise, 250 ml of acetone. The solid material 
was separated, purified and dried according to the procedure of Example 47. The resulting macronet poiymer 
material had a surface area (BET) of 546 m 2 /g. 



EXAMPLE 49 

This example illustrates the preparation of macronet fine particles from lightly crosslinked, unfunctionalized, 
emulsion polymerized copolymer particles. 

To a flask equipped as described in Example 47 was charged 10.0 g (dry basis) of styrene-0.5<Vo 
divinyibenzene emulsion polymer particles having an average particle diameter of about 0.1 u.m and prepared 
according to US-A-4,359,537, Example 1. 

To this 200 ml of technical-grade dichloromethane was added and the mixture was allowed to stand 
overnight to swell the polymer. To the swollen polymer was added 20.0 g of technical-grade aluminum chloride ; 
the mixture was heated to reflux and allowed to reflux for 20 hours. The mixture was then cooled and the 
reaction quenched by adding, dropwise, 150 ml of acetone. The solid material was, separated, purified and 
dried according to the procedure of Example 47. The resulting macronet polymer material had a surface area 
(BET) of 818 m 2 /g. 



EXAMPLE 50 

This example illustrates crosslinking of lightly crosslinked, chioromethylated, emulsion polymerized 
copolymer particles following a brief swelling of the particles in a solvent, to form the macronet particles of the 
invention. 

To a 300 ml flask equipped as described in Example 47 was charged 5.0 g of the chioromethylated 
styrene-1. 80/o divinyibenzene emulsion polymer particles used in Example 47. To this 40 ml of ethylene 
dichloride was added. The mixture was stirred for three minutes at room temperature, then 3.9 ml stannic 
chloride was added in a single portion; the mixture was heated to reflux and allowed to reflux overnight. The 
mixture was then cooled and the reaction quenched by adding, dropwise, 30 ml of acetone. The solid material 
was separated, purified and dried according to the procedure of Example 47. The resulting poiymer material 
had a surface area (BET) of 704 m 2 /g and a porosity (mercury intrusion) of 1.49 ml/g. 



EXAMPLE 51 



This example illustrates preparation of macronet fine particles from chioromethylated, emulsion polymerized 
copolymer particles, and the use of these particles for adsorption of a toxic-gas simulant. 
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The procedure of Example 5Q^s followed, except that the polymer was allowefTo swell overnight before 
the stannic chloride was added, the mixture was refluxed for 7.5 hours, and the reaction was quenched with 
two 50 ml portions of acetone. The mixture was allowed to stand overnight after quenching; it was then filtered 
in a Buchner funnel, allowed to a.r dry, and dried under vacuum at 50° C for three days 

The adsorption capacity of this sample, and a carbon sample of the prior art, under static conditions was 
determined as follows. A sample of the macronet emulsion-polymerized particles was weighed in a weighing 
bottle and placed in a desiccator, as was a weighed sample of BPL carbon, a coal-based act.vated carbon from 
Calqon Corporation. Dimethyl methylphosphonate was poured into the bottom of the desiccator, which was 
then sealed. The weighing bottles containing the macronet particle sample and the carbon sample were 
periodically capped, removed from the desiccator, weighed and returned to the des.ccator. The weight gam 
from adsorption of the dimethyl methylphosphonate was reported as a weight percentage of the onginal 
sample weights, and is shown in Table VI. 



Table VI 

15 Sample STATIC CAPACIT Y (WT o/o) 
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1 day 

Ex. 51 15.1 



1 week 2 week 3 week 4 week 

54.4 90.7 89.3 103.1 



BPL Carbon 8.9 34.7 37.8 38.6 39.0 



Claims 



1 A process for increasing the surface area of crosslinked poly(vinylaromatic) polymers in the form of 
30 fibers or emulsion-polymerized particles, which process comprises swelling the polymer in a sweHing 

agent which does not deactivate Friedel-Crafts catalysts and which does not interfere with the format on 
of a macronet structure, and subsequently introducing additional crosslinking into the polymer to stabhze 

' t % S Th l e e proces t s U of Claim 1 wherein the polymer is a polymer of styrene, alpha-methylstyrene or styrene 
ring substituted by 1-3 alkyl groups of 1-3 carbon atoms each; or a copolymer thereof with less than 50% 
by weight of other monoethylenically unsaturated monomer. . . mnonon „. 

3 The process of Claim 1 or Claim 2 wherein the polymer forms the matrix fiber of an heterogeneous 
polymer fiber, and wherein a plurality of fibers of polyolefin, preferably polypropylene or polybutene. are 
imbedded longitudinally in the matrix fiber. 

4 The process of any preceding Claim wherein the swelling agent is an aromatic hydrocarbon, 
halogenated hydrocarbon, nitroparaffin, nitroaromatic compound, ring-halogenated aromatic compound, 
aliphatic hydrocarbon of six or more carbon atoms or carbon disulfide. 

5 The process of any preceding Claim wherein the polymer contains active crosslinking sites, and the 
additional crosslinking is introduced by contacting the crosslinked polymer with a Friedel-Crafts catalyst 

6. The process of Claim 5 wherein the catalyst is ferric chloride, stannic chloride, aluminum chlor.de, 
aluminum bromide, boron trifluoride or zinc chloride. - ata iv«5t 

7 The process of Claim 3 wherein the swollen polymer is allowed to react in the presence of the catalyst 
at a temperature from about 15° C to about 150°C for a period of from about 2 to about 24 hours 

8 The process of any of Claims 1 to 4 wherein the polymer contains no act.ve crosslinking sites and the 
additional crosslinking is introduced by reacting the polymer with a crosslinking reagent. 

9 The process of Claim 8 wherein the crosslinking agent is an acylating agent, preferably a d.ac.d 
chloride of fumaric, maleic, malonic, succinic, adipic or sebacic acid, phosgene or thiophosgene, or an 
alkylating agent, preferably methyl halomethyl ether, alpha, alpha-dichloro-p-xylene, dichloromethane b,s 
(4,4'-chloromethyl) biphenyl. bis(chloromethyl) thiophene, 4-dichlorohexane, 1,4-dichlorobutane, chloro- 
form, carbon tetrachloride, an alkylene glycol, a diepoxide, a polybutadiene paraformaldehyde in the 
presence of a strong acid, formaldehyde in the presence of a strong acid, or a formaldehyde generator in 
the presence of a strong acid. i „i,:„„ 

10 The process of Claim 8 or Claim 9 wherein the swollen polymer is reacted w.th the crosslinking 
reagent a a temperature from about 15° to about 1 50° C for a period of from about 2 to about 24 hours 

1 1 . A crosslinked poly(vinylaromatic) polymer, in the form of a fiber or an emulsion polymerized particle, 
having a macronet structure and a surface area of at least 1 00 m 2 /g. . ... . , 

12 The polymer of Claim 1 1 , being a polymer of styrene, alpha-methylstyrene or styrene ring substituted 
by 1-3 alkyl groups of 1-3 carbon atoms each; or a copolymer thereof with less than 50o/o by weight of 

other monethylenically unsaturated monomer. .„ Q „ 0 r.., e 

1 3. The polymer of Claim 1 1 or Claim 12 wherein the polymer forms the matrix fiber of an heterogeneous 
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polymer fiber and where.n a plurality of fibers of polyolefin. preferably polypropylene or polybutene. are 
imbedded lonaitudinally in the matrix fiber. „„^+ ttJrt ^ r 

U The polymer of any of Cla,ms 1 1 to 13. chem,cally functionalized for adsorpt.ve. organ.creact.ve or 

ion exchange functionality m „ tQri „, 
15. The use of a polymer of any of Claims 11 to U as an adsorbent or ion exchange material. 
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